. The elaborated concentration profi les based on hydrometric measurements permitted determination of Ca concentration on reference level "a" above the bed. The obtained reference concentrations were compared with the values obtained from calculations by use of van Rijn's formula. It was found that the calculated Ca concentration, applying the van Rijn's formula, is over fi ve times higher than determined from concentration profi les. In order to obtain Ca concentration values, calculated by use of the empiric formula, approximate to real values coeffi cient correction must be determined. The elaborated preliminary estimation of the possibility of van Rijn's formula application for determination of this concentration on the reference level "a" above the bed showed that application of this method for appraisal of Ca concentration, by use van Rijn's formula, performed in the Dłubnia river of the catchment of the Upper Vistula river may be charged by errors. A faulty calculation of suspension sediment transport applying van Rijn's method may also point to it. Adoption of this method needs further verifi cation and adaptation.
INTRODUCTION
Intensity of suspended sediment transport may be determined by use of various methods i.e. direct ones -measurement methods and indirect -calculation ones. Among the direct ones the following ones may be distinguished: bathometric, photometric, electro-resistance, ultrasonic and radioisotope method. Indirect methods permit to calculate sediment transport basing upon empiric, semi-empiric and theoretical equations. Calculation methods that serve to establish the quantity of suspended sediment transport are based upon determination of parameters describing water and sediment discharges in the river or series of factors infl uencing erosion in the basin and the amount of material supplied to the river. These are mostly empirical methods. Among the most frequently applied indirect methods of appraisal of suspended sediment transport used in Poland those basing upon a determined mass of eroded soil in the basin may be mentioned. From those the most commonly applied is, up till now, the Reniger-Dębski's method (Wiśniewski, Kutrowski 1973 ) based on classifi cation of denudation intensity and the method of run off denudation indices used by Brański (1975) and the DR-USLE method based upon the universal soil loss equation USLE (Wischmeier, Smith 1965) in which the index of sediment discharge is determined by use of the method given by Roehl (1962) . Among the calculation methods based on appraisal of parameters describing water and sediment discharge in river the van Rijn's method (1984) is more and more frequently applied. Mokwa's (2002) and Bartnik's et al. (2004) publications presenting the results of application of this method for South Poland rivers are, among others, a good example. Possibility of applications of van Rijn's method in calculations of suspended sediment transport in Carpathian rivers has not been, as yet, verifi ed. This method was elaborated in result of investigation in the hydraulic laboratory in Delft and verifi ed by van Rijn (1984) for data obtained from measurements in estuary sections of Dutch rivers (Eastern Schheldt). This method is based on the assumption that particles remain in state of rest when the value of overall bed-shear velocity (u * ) is lower than the critical bed-shear velocity for initiation of motion (u *cr ). When the overall bed-shear velocity exceeds the critical bed-shear velocity for initiation of motion, movement of particles begins (rolling, sliding motion) in permanent contact with the bed. With increase of overall bed-shear velocity particles may be further displaced on the bed or perform more or less regular jumps, with are called saltations. The increasing overall bed-shear velocity exceeding the particle fall velocity causes their permanent suspension. In this way individual particles are further transported as suspended sediment. Analysing the two-phase medium van Rijn introduced into his analysis two parameters characterizing the movement of sediment i.e. transport stage parameter (T) and the particle diameter (D * ) as: 
where ω is the settling velocity of suspended sediment, β -diffusion coeffi cient and κ is constant von Karman. The height of reference level "a" above the bed is adopted as a half of the height of bed-forms or equal to the equivalent roughness k s according to Nikuradse. It the height of bed-forms is unknown the minimal value of the reference level a min equal 0.01 h is adopted. In the formula elaborated by van Rijn used for calculation of sediment transport appraisal of C a concentration on the reference level "a" above bed is necessary. The reference concentration is defi ned by van Rijn's formula:
The concentration coeffi cient α 2 , equal 2, 
MATERIALS AND METHODS
The River Dłubnia of total length 53.2 km is a left bank tributary of the Vistula river. The catchment area equals 274 km 2 . The springs of the Dłubnia river are located on the Cracow Upland and the river fl ows across the Miechów Upland, Proszowice Upland and fi nd the estuary in the Vistula river valley at the 89+400 km of the Vistula river course.
Surface of the catchment is built of surface formation, very strongly eroded forming a layers of loess 15 m deep. The loess layers covering the valleys were partly or totally washed away from the ridges of elevations. As a rule loess is permeable and it is characterized by big water capacity (Dynowska, Tlałka 1970) . A rather poor forest overgrowth of the catchment covering only 9.5% is not conducive to effective water retention in the catchment. Most part of the catchment is under arable land. These constitute 78.1% of the catchment area, green areas cover 1.6%, and the other territories constitute 10.8% (Bednarczyk 1994) . In consequence of the dominating agricultural utilization and system of development of the catchment, where arable land adjoins simply the fl ows great amounts of fi ne grained mineral material is carried away from the catchment. This has a very negative infl uence on water conditions in this territory, it accelerates the surface run off, hence, erosion of soil. During more intensive rains the ploughed furrows play the role of small channels along which rain water easily fl ows down. Especially intensive fl ow off of this kind takes place in periods when these is no fl oral cover in spring and autumn. Specifi city of development of the catchment and structure of its surface formations is a cause of intensive suspended sediment transport in the Dłubnia river.
Measurements of suspended sediment concentration were made in cross-section A-A at the 10+720 km of the Dłubnia river (Fig. 1) . This section is beyond the reach of the back water of the reservoir at Zesławice. The place for the test section was adopted in consequence of the previously performed stock taking along the river sector from the infl ow into the reservoir (9+300 km) to the section at 10+900 km located below the weir at Raciborowice. The A-A cross-section was founded during the fi rst bathometric measurements carried out in 1999.
Simultaneously with measurements of the suspended sediment concentration measurements of water fl ow velocity were taken. The measurements were performed at different heights of the appointed hydrometric verticals. respectively. In order to appraise the granulometric composition of the sediment in the cross-section A-A in the Dłubnia river the sediment was sampled from the river bed. Granulometric composition was determined by use of the Cassagrende's method in Pruszyński's modifi cation (PN-R-04032 1998). Volumetric density of the sampled sediment was also appraised.
RESULTS AND DISCUSSION
The appraised diameter d 50 of the sediment building the bed of the Dłubnia river in section A-A is 0.4 mm. Specifi c density of sediments is 2.61 t·m -3 . Maximal depth of the Dłubnia river for the examined discharges and average concentration are given in Table 1 .
On the basis of measurements results of suspended sediment concentration profi les were elaborated for each vertical.
Exemplary concentration profi les appraised at discharge equaling 7.41 m 3 ·s -1 are given in Figure 2 . Concentration profi les were described by means of exponential equations according to the method presented in van Rijn's (1984) paper. Numeration of verticals was adopted starting from the left to the right bank of the Dłubnia river.
Calculating sediment concentration on the reference level appraisal of the bed form height is essential. It was found that at the examined discharges no bed forms occurred in the Dłubnia river. According to van Rijn's method (1984) the reference level "a" equaling 0.01 of the depth at the particular measurement vertical was adopted. Concentration of the sediment was calculated on the reference level "a" according to formula (5) in which the correction coeffi cient α 2 is equal 2.3 according to van Rijn's establishments. Detailed calculation results of parameters of equations (2), (3) and (5) Relative depth -h [-] vertical I vertical II vertical III vertical IV vertical V vertical VI vertical VII 
CONCLUSIONS
Application of the van Rijn's method in calculations of suspended sediment transport requires proper appraisal of suspended sediment concentration on the reference level "a" above the bed. As it was demonstrated on the example of the Dłubnia river C a concentration calculated according to the empiric formula given by van Rijn where the correction coeffi cient is 2.3 is over fi ve times higher than the value of real C a concentration calculated from concentration profi les. Disposing of measurement result the correction coeffi cient α 2 for the A-A measurement cross-section in the Dłubnia river was determined. This coeffi cient equals 11.5 and with regard to the amount of data constituting the base of its determination should be adopted as an approximate value. To make the value of this coeffi cient more precise execution of additional series of measurements in differentiated conditions of sediment concentration water discharges is required.
The presented attempt at calculation of C a concentration according to van Rijn showed that the obtained results may depart signifi cantly from the value of real concentration, and so the calculated amount of transported suspended sediment may be charged with a signifi cant error. Adoption of van Rijn's method requires verifi cation and adaptation to hydrological conditions of Polish rivers. 
